Introduction {#sec1-1}
============

Ischemia/reperfusion (I/R) injury may occur in a variety of clinical settings, including organ transplan-tation, aortic cross-clamping or cardiopulmonary bypass ([@ref1]). Spinal cord I/R injury is a serious compli-cation of thoracoabdominal aortic surgery ([@ref2]), and so severe postoperative complications may arise, such as paraplegia ([@ref3]). It is known that the major proportion of the damage occurs during reperfusion when free oxygen radicals induce lipid peroxidation ([@ref4]). In the literature some antioxidative and anti-inflammatory agents are used to prevent paraplegia due to aortic ischemia in animal models ([@ref5]). Saffron consists of the dried stigmas of *Crocus sativus* L., is used in folk medicine for various purposes such as an antinociceptive ([@ref6]), anti-inflammatory ([@ref7]). Previous studies have demonstrated that saffron extract and its active constituents have a protective effect against hippocampal ([@ref8]), skeletal muscle ([@ref9]), and kidney I/R injury ([@ref10]).

However, there are no studies assessing the neuroprotective actions of saffron extract on spinal cord I/R. For this reason, we planned this study to determine neurological, biochemical and histotologic evaluation of saffron extract on I/R spinal cord injury in a rat model.

Materials and Methods {#sec1-2}
=====================

Experimental design {#sec2-1}
-------------------

Thirty five male Sprague-Dawley rats (weighing 250 to 300 g) were divided randomly into 5 equal groups: intact, sham surgery, normal saline or NS, low dose saffron extract (20 mg/kg saffron extract), high dose saffron extract (80 mg/kg saffron extract). This study was approved by the ethical committee of Urmia University of Medical Sciences.

Preparation of saffron extract {#sec2-2}
------------------------------

Saffron was purchased from Novin Saffron (Iran) in 2015. The powdered stigma was macerated in water (80%, v/v) for 3 days at 4 °C, in the absence of light and with continuous stirring. The extract was filtered (0.2 µm), and then it was concentrated by freeze dryer.

Surgery procedure {#sec2-3}
-----------------

Animals were anesthetized with ketamine (90 mg/kg) and xylazine (10 mg/kg) via intraperitoneal (IP). Under sterile conditions, making a midline laparatomy incision of approximately 5 cm in length, the abdominal aorta was exposed. The operation was terminated at this point in the sham surgery group.

The abdominal aorta was clamped for 45 min with mini aneurysm clamps between just below the left renal artery and just proximal to the aortic bifurcation ([@ref11]). After ischemia, the cross-clamps were removed and distal perfusion was observed visually. Then, abdomen was closed. 30 min before an operation, a single dose of 20 mg/kg and 80 mg/kg saffron extract was administrated intraperitoneally to rats of saffron experimental groups ([@ref12]), while 1 ml normal saline was administrated intraperitonea-lly to rats of the control group. The Crede maneuver was used to empty the urinary bladders of the paraplegic animals at least twice daily.

Neurologic evaluation {#sec2-4}
---------------------

At 48 hr after spinal cord ischemia, an indepen-dent observer, who was blinded to the protocol and group assignments, assessed the motor deficit index (MDI) score ([@ref13]). MDI was scored using the assessment of ambulation using the hind limbs and by the placing/stepping reflex. Animals with MDI \< 3 were considered a nonparaplegic, and animals with MDI ≥ 3 were considered as paraplegics.

Blood sampling {#sec2-5}
--------------

After neurologic evaluation, blood samples were collected by a direct cardiac puncture and transferred on ice to be centrifuged at 1500 g for 15 min at 4 °C to obtain plasma. The plasma samples were stored at --80 °C until the time of assay for plasma levels of MDA and TAC

Biochemical measurements {#sec2-6}
------------------------

Plasma level of malondialdehyde (MDA) is formed as an end product of lipid peroxidation, which reacts with the TBA reagent under acidic conditions to generate a pink-colored product whose absorbance was measured spectrophotometrically (Jasco, UV-975, Tokyo, Japan) at 532 nm. Plasma level of total antioxidative capacity (TAC) was assessed using a kit (LDN Labor Diagnostika Nord GmbH and Co KG, Germany). The determination of the TAC is based on the reaction of peroxides with peroxidase followed by a color reaction of the chromogenic substrate tetramethyl benzidine. Its blue color turns to yellow after addition of the stop solution and can be measured spectrophotometri-cally at 450 nm.

Histologic evaluation {#sec2-7}
---------------------

After the blood samples have been taken, the rats were then transcardially perfused by buffered formalin. The spinal cords were removed and postfixed in the same fixative for 1-2 days. The fourth lumbar spinal segment was dissected, embedded in paraffin, cut transversely at 5 µm, and stained with H-E. The number of normal motor neurons in the ventral part of the gray matter at ×400 magnification. Cells that contained Nissle substance in the cytoplasm, loose chromatin, and prominent nucleoli were considered to be normal neurons. The number of normal motor neurons was counted in 3 sections for each animal and averaged by an observer unaware of group assignment ([@ref14]).

Statistical analysis {#sec2-8}
--------------------

Statistical analysis and calculations were performed by using SPSS 16.0 for Windows (Chicago, IL, USA). All values were presented as means±standard deviation. Statistical analysis was done by one-way ANOVA followed by Tukey´s *post hoc* test for multiple comparison. Kruskal- Wallis analysis of variance was used to detect differences of MDI among groups and statistical comparison was made using the Mann-Whitney U test. A *P*\<0.05 was considered statistically significant.

Results {#sec1-3}
=======

Neurological assessment based on MDI is shown in [Figure 1](#F1){ref-type="fig"}. The mean MDI scores were significantly lower in the saffron extract groups than in the NS group at 48 hr after spinal cord ischemia (*P*\<0.001) ([Figure 1](#F1){ref-type="fig"}).

![The mean neurological scores assessed at 48 hr after spinal cord ischemia. \*demonstrated a significant difference normal saline group in comparison to other groups (*P*\<0.05); \*\*demonstrated a significant difference saffron 20 mg/kg group in comparison to intact, sham surgery, and normal saline groups (*P*\<0.05)](IJBMS-20-334-g001){#F1}

Findings from the NS group show significantly decreased plasma level of TAC when compared with high dose saffron extract group (*P*\<0.001). Saffron extract groups significantly decreased plasma level of MDA than in the NS Group (*P*\<0.05). The plasma levels of MDA and TAC were almost similar in the sham and low saffron extract group, whereas at high saffron extract group significantly increased plasma level of TAC (*P*\<0.001). The significant lowering effect of plasma level of MDA was observed in saffron groups than NS group (*P*\<0.001). The plasma level of TAC was significantly increased in the high saffron group compared with sham surgical group (*P*\<0.05), but there was no significant difference between the NS and the low saffron extract groups (*P*\<0.05).

The number of motor normal neurons was significantly greater in the high saffron extract group than in the NS and low saffron group (*P*\<0.05). Although approximately 64% of motor neurons in the ventral gray matter were lost in NS group, only approximately 17% and 35% were lost in animals given high and low saffron extract, respectively ([Figure 2](#F2){ref-type="fig"}).

![Representative light microphotographs of the anterior horn of spinal cord at 48 hr after ischemia in the sham surgery group (a), saffron extract (80 mg/kg) group (b), saffron extract (20 mg/kg) group (c), and normal saline group (d). Shrunken neurons contained dark hyperchromatic nuclei and Nissl granules had disappeard, were shown (arrow). Sacle bar = 10 µm](IJBMS-20-334-g002){#F2}

Discussion {#sec1-4}
==========

Our results showed that the animal in saffron extract groups had a better hind limb motor function and less gray matter injury 48 hr after spinal cord ischemia. The present study is the first report describing the protective effect of saffron extract on I/R of spinal cord in rats.

This study assessed the effect of the saffron extract, because the saffron extract was more potent than its constituents such as crocin, crocetin, and safranal which quench free radicals and have antioxidant effects and may have a role in the protective effect of saffron on the spinal cord ([@ref14]). In addition saffron extract may be assigned to a synergistic action of many constituents, and its constituents may be impure ([@ref9]).

Saffron extract prevented lipid peroxidation and showed antioxidant activity in this study. A potential cause of delayed neuronal damage is an over inflammatory response that continues after reperfusion ([@ref15]). Hosseinzadeh *et al* (2002) concluded that aqueous extracts of saffron have an anti-inflammatory activity ([@ref16]). Because saffron extract can inhibit MDA production, the preservation of hind limb motor function observed in the present study may have been associated with a protective effect of saffron extract against nervous injury.

The present study has shown that the protective effect against I/R injury of the saffron extract is dependent on dose. Similar to another study ([@ref12]), histologic evaluation revealed that pretreatment with aqueous saffron extract (80 mg/kg) as compared to control group yielded strong protection of motor neurons.

The present study has shown that a saffron extract could have a protective effect against I/R injury through an increase in the TAC and a reduction in MDA. Nam *et al* (2010) shown that a saffron extract has potent neuroprotective effects, so that blocked the effect of lipopolysaccaride on hippocampal cell ([@ref17]). It seems that at least one part of the neuroproecive effect of saffron extract in spinal cord I/R is due to antioxidant activity and superoxide production. In our study, plasma levels of MDA were found to be significantly higher, and TAC levels, significantly lower, in NS group, compared with other groups. Reactive oxygen intermediates cause direct cellular injury, which leads to the destruction of the cell membrane by oxidative injury to cellular proteins and nucleic acids and by inducing lipid peroxidation ([@ref18]).

Conclusion {#sec1-5}
==========

These data suggest that a saffron extract may protect spinal cord neurons from I/R injury and it significantly decreased the levels of free radicals and act as an antioxidant. The protective effect of saffron extract is probably multifactorial, and further extensive study is needed to identify the mechanisms of action of saffron extract and its constituents on I/R of spinal cord in different conditions.
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